ABSTRACT Seven different turfgrass species or mixes used on golf courses in the United StatesÕ transitional climatic zone were maintained as randomized and replicated plots in separate stands mowed at fairway (1.6 cm) or rough (6.4 cm) cutting heights and sampled in autumn to assess the density and species composition of scarab grubs; incidence of disease and parasitism thereof; and extent of turf damage from foraging insectivorous skunks, Mephitis mephitis. Inßuence of grass species on parasitism by spring or autumn-active tiphiid wasps was further assessed on implanted grubs in open enclosures. Masked chafers (Cyclocephala spp.) were three-fold more abundant than Japanese beetle, Popillia japonica Newman, grubs in plots of Zoysia and Cynodon sp. mowed at fairway height, and P. japonica were Þve-fold more abundant than masked chafer grubs in cool-season turf plots mowed at rough height. Phyllophaga spp. accounted for Ͻ1% of grubs in the samples. Milky disease bacteria (Paenibacillus sp.) were the predominant pathogens of Cyclocephala spp., followed by Serratia sp. bacteria and gregarines (Stictospora cf. villani). Cyclocephala grub densities, milky disease incidence (25%), and parasitism by the native tiphiid Tiphia pygidialis Allen (10 Ð12%) were especially high in zoysiagrass. Japanese beetle grubs were infected by Paenibacillus, Serratia, Stictospora, and microsporidia (Ovavesicula sp.), but incidence of individual pathogens was relatively low (Ͻ6%) and similar among grasses within each stand. Few nematode-infected grubs were found. Skunk damage was mainly in the cool-season fairway-height grasses, probably reßecting difÞculty in foraging in the much tougher stolons and rhizomes of the warm season turfgrasses. The degree of natural suppression of scarab grubs provided by endemic pathogens or parasitoids is unlikely to be compromised by the grass species used on a particular site.
Root-feeding scarab grubs (Coleoptera: Scarabaeidae) are the most destructive insect pests of turfgrasses in the United StatesÕ humid transitional climatic zone (Potter et al. 1996 , Potter 1998 , Vittum et al. 1999 ), a belt extending from northern Oklahoma and Kansas through Kentucky and Tennessee to the mid Atlantic states where both cool-and warm-season grasses can be grown (Beard 2002) . Native masked chafers (Cyclocephala borealis Arrow and Cyclocephala lurida Bland) and the introduced Japanese beetle (Popillia japonica Newman) accounted for Ϸ73 and 26%, respectively, of the grubs associated with damage to irrigated roughs on Kentucky golf courses (Redmond and Potter 2010) . All three species commonly occur on the same golf course, often in mixed infestations, although typically either Cyclocephala spp. or P. japonica will predominate at a given site in a fairway or rough (Redmond and Potter 2010) . Both genera feed on roots of all turfgrasses grown in the transitional climatic zone (Potter et al. 1992 , Braman and Pendley 1993 , CrutchÞeld and Potter 1995 .
Insect herbivoresÕ susceptibility to natural enemies may be altered by host plant species upon which they feed (Price et al. 1980, Cory and Hoover 2006) . For example, plant secondary chemicals may interact with microbial pathogens on the plant surface or in the insect gut (Cory and Hoover 2006) , alter an herbivoreÕs feeding behavior and likelihood of ingesting a lethal dose (Baverstock et al. 2005; Dwyer et al. 2005, Bixby and , or delay its development, increasing exposure to natural enemies (Price et al. 1980) . Stand factors such as shading or plant density can interact with sunlight, temperature, or soil moisture to affect persistence of pathogens above or below ground (Price et al. 1980, Cory and Hoover 2006) .
Previous studies concerning turfgrass species effects on pest susceptibility to natural enemies have either compared the diversity, abundance, and impacts of predatory invertebrates or parasitoids in stands of different grasses (Braman et al. 2004; Joseph and Braman 2009a,b) , or concerned tritrophic inter-actions between alkaloid-containing endophytic grasses and vulnerability of grass-feeding caterpillars to entomopathogenic nematodes [EPNs] , Richmond et al. 2004 or parasitoids (Barker and Addison 1996 , Bultman et al. 1997 , Bixby-Brosi and Potter 2012 ). The current study tested the hypothesis that there are grass-related differences in susceptibility of Cyclocephala spp. or P. japonica grubs to pathogen infection and parasitism. Abundance and species composition of scarab larvae, associated pathogen loads and parasitism by tiphiid wasps, and incidental turf damage from skunks foraging on the resident grub populations were compared across a range of cool-and warm-season turfgrasses used for golf course fairways or roughs in the United StatesÕ transitional climatic zone.
Methods and Materials
Grass Species Plots and Mowing Regimes. Two sets of randomized and replicated plots containing turfgrasses used on golf courses in the United StatesÕ transitional climatic zone (Table 1) were established at the University of KentuckyÕs A. J. Powell, Jr. Turfgrass Research Center (UKTRC) in Fayette County, KY, in early spring 2007. Plots in one stand, mowed at 6.35-cm cutting height as is typical for golf course roughs (Beard 2002) , were seeded with perennial ryegrass (Lolium perenne L.), tall fescue [Lolium arundinaceum (Schreb.) Darbysh.], Kentucky bluegrass (Poa pratensis L.) or a 50:50 mix of L. arundinaceum and P. pratensis, all cool-season species used in roughs. Plots in the other stand, mowed at 1.5-cm height, contained grass species used on fairways: creeping bentgrass (Agrostis palustris L.); perennial ryegrass; and two warm-season species, Bermuda grass (Cynodon dactylon L. Pers.), and zoysiagrass (Zoysia japonica Steud.). Cool-season grasses were seeded, whereas zoysiagrass and Bermuda grass were installed as sod. Individual plots (3 by 3 m) were replicated six times in a randomized complete block within their respective stands. The stands were adjacent to one another on the same Maury silt loam soil (Þne, mixed, mesic typic Paleudalf) with pH 6.2. Perennial ryegrass, which is used both for fairways and roughs (Beard 2002) , was the only grass species included in both mowing regimes.
Nitrogen fertilizer (urea 46Ð0Ð0) was applied according to University of Kentucky guidelines: C. dactylon, 0.48 kg actual N 100 m Ϫ2 in May, June, July, and August (total of 1.45 kg N 100 m Ϫ2 per growing season); Z. japonica, 0.48 kg N 100 m Ϫ2 in June only; all cool season grasses, 0.48 kg actual N 100 m Ϫ2 in September, October, and November for a total of 1.45 kg N 100 m Ϫ2 per growing season. The fairway-and rough-height plots were mowed three times and once per week, respectively. Irrigation was applied from a permanent sprinkler system as needed to prevent any visible drought stress. No insecticides or fungicides were applied, and no herbicides were applied for crabgrass or broadleaf weed control.
Grub Species and Density. All plots were sampled for scarab grubs during 23Ð28 September 2008 near the end of the second growing season after the plots were established. Grubs were actively feeding third instars at that time. Sampling was done by excavating pits (0.1 by 0.1 m, 0.1 m in depth) with ßat-blade spades from the inner 2-by 2-m portion of each plot, breaking apart and examining the soil, roots, and thatch. All grubs were put into individual 37-ml plastic cups (Dart, Mason, MI) with moist peat moss as they were encountered. In most plots, sampling continued until at least 25 total grubs had been collected from no fewer than three (typically three to six) pits per plot. In plots with inordinately low grub numbers, additional samples were taken until at least 15 total grubs had been collected. Within-plot density (per 0.1 m 2 ) was computed by dividing total grubs by area sampled. Grubs were returned to the laboratory and identiÞed by their rastral patterns (Vittum et al. 1999) . C. lurida and C. borealis are morphologically indistinguishable as larvae (Potter 1998 ), so we refer to them collectively as Cyclocephala spp. They are closely related and host to the same natural enemies (Warren and Potter 1982, Rogers and Potter 2004) .
Pathogen and Parasitoid Incidence. Parasitoid and pathogen assessments focused on Cyclocephala spp. and P. japonica because other species collectively made up Ͻ1% of the samples. Procedures, as described in detail by Redmond and Potter (2010) , are more brießy summarized here. After being identiÞed and examined for externally-feeding tiphiid larvae, each grub was transferred to an individual 118-ml cup with 50 g of sterilized silt loam soil ϩ peat moss (1:1 by volume) and 4 g of a grass seed mixture (2:1:1, Kentucky bluegrass, annual ryegrass, Lolium multiflorium Lam., and creeping red fescue [Festuca rubra L.]), and held in darkness for 30 d to allow pathogen infections to develop. Hemolymph smears were then taken from all living or dead grubs and examined with a phase contrast microscope at 400ϫ for milky disease bacteria (Paenibacillus spp.) (Redmond and Potter 1995) . EPN infection was conÞrmed by adding a late-instar greater wax moth, Galleria mellonella (L.) larva (New York Worms, Long Island, NY; hereafter "waxworms") to cups with dead or moribund grubs showing symptoms of potential infection. Waxworms were exposed for 7 d, after which EPNs were isolated by placing cadavers on modiÞed White traps to collect infective juveniles that were subsequently screened against additional waxworms to distinguish between pathogenic and saprophytic (nonpathogenic) species (Kaya and Stock 1997) . Hosts infected by Steinernema or Heterorhabditis spp. are yellowish to brown, or brick red, respectively, and limp when held with forceps (Woodring and Kaya 1988) . Voucher specimens were identiÞed to species by analysis of DNA markers at the University of Arizona (Redmond and Potter 2010) .
Grubs were inspected for external conidia or conidiophores of Metarhizium sp. (probably M. anisopliae) fungus, and a hemolymph smear was examined for presence of spores or hyphal bodies (Cappaert and Smitley 2002) . Grubs were then dissected and their Malpighian tubules examined for white callus-like growths caused by the microsporidian Ovavesicula popilliae Andreadis & Hanula. Infection was conÞrmed by examining tubule mounts in normal saline at 400ϫ with a phase contrast microscope for presence of sporophorous vesicles (Hanula and Andreadis 1988) . Mid-and hindguts of dissected grubs were opened and examined for gregarine (Stictospora sp.) gamonts Smitley 2002, Hays et al. 2004) , probably Stictospora cf. villani (R. E. Clopton, personal communication). During dissection, a hemolymph smear from each grub was tested for Serratia spp. by using a three-step typing system based on use of selective agars (Redmond and Potter 2010) .
Parasitism of Implanted Grubs. Two species of tiphiid wasps (Hymenoptera: Tiphiidae) parasitize turf-infesting scarab grubs in Kentucky (Rogers and Potter 2004) . Tiphia pygidialis Allen is a native species that attacks second-and third-instar C. lurida and C. borealis from August to October, whereas Tiphia vernalis Rohwer, which was introduced into the eastern United States beginning in the 1920s for biological control of P. japonica, attacks post-overwintered third instars of that species from May to early June. Only T. pygidialis was active when the main grub samples were taken.
Grubs collected from untreated roughs of local golf courses were brought to the site and implanted to further investigate grass species effects on incidence of parasitism. Enclosures made from polyvinyl chloride sewer pipe sharpened on one edge (15 cm in height, 39 cm in diameter, 0.12-m 2 enclosed area) were driven into the central portion of each plot leaving Ϸ1 cm above the soil surface. Twenty third-instar Cyclocephala spp. were introduced into each enclosure on 2 September 2008 and left for 28 d to allow parasitism by the endemic population of T. pygidialis. The enclosures then were pried up with a spade, the soil, roots, and thatch were broken apart, and all grubs were examined under a binocular microscope for Tiphia eggs or larvae. The trial was repeated from 27
April to 28 May 2009 by using different portions of the same plots and 20 third-instar P. japonica per enclosure to compare parasitism by T. vernalis in the different grasses.
Skunk Foraging Damage. Skunks typically forage at night, so their activities on the plots were not directly observed. However, when characteristic symptoms including dug-up grass with conical snout-shaped excavations, feces, and lingering skunk odor were noted on some plots in autumn, it allowed comparison of the extent of such damage among the different grass species within each stand. Skunk damage was rated on 23 September, just before start of the main grub sampling. Foraging sites were deÞned as discrete patches of dug-up turf exposing at least 100 cm 2 of soil. Each plot was visually rated on a 0 Ð3 scale: 0, no visible damage to the turf; 1, one to three foraging sites; 2, three to Þve foraging sites; or 3, more than Þve foraging sites per plot.
Data Analyses. The logistics of mowing did not allow for randomized interspersion of cutting heights, and the fairway and rough stands contained mostly different grass species, so separate statistical analyses were done for data from each stand. Densities of Cyclocephala spp. or P. japonica grubs were compared among grasses by two-way analysis of variance (ANOVA) with mean separation by Fisher least signiÞcant difference (LSD) test when the treatment (grass) effect was signiÞcant. Proportions of Cyclocephala spp. or P. japonica in samples from individual grass types were compared by Z-tests on their respective totals (replicates pooled). Relative abundance of masked chafer or Japanese beetle grubs varied by grass, so that some of the 30 grubs-per-plot samples had fewer than Þve grubs of the less abundant type. To avoid ANOVA of percentages of infection that, for some plots, were based on small sample sizes, replicates were pooled within grass type and proportions of grubs infected by particular pathogens or parasitized by Tiphia were compared among grasses by chisquare tests for heterogeneity. Tiphia parasitism of implanted grubs, initial densities of which were standardized, was compared among grasses by two-way ANOVA on arcsine square root-transformed percentages. FriedmanÕs nonparametric test and means separation were used to compare skunk damage ratings. All analyses were done with Statistix 9 (Analytical Software 2008). Data are reported as original (nontransformed) means Ϯ SE.
Results
Grub Species and Density. Cyclocephala spp. outnumbered P. japonica in pooled samples from the four fairway-height grasses (360 versus 166, respectively), whereas the opposite was true for pooled samples from the four types of rough-height grasses (123 versus 480, respectively); those proportions differed between the two stands ( 2 ϭ 263, df ϭ 1, P Ͻ 0.001). In the fairway-height stand, Z. japonica and C. dactylon, the two warm-season grasses, had the highest total grub densities (Table 2) . Cyclocephala grubs were proportionately more abundant than P. japonica in three of the four fairway-height grasses (A. palustris, C. dactylon, and Z. japonica) (Z-tests, P Ͻ 0.05), whereas P. japonica were proportionately more abundant than masked chafers in fairway-height L. perenne, and in all of the rough-height grasses (Table 2) . Within the rough-height stand, the densities of P. japonica were highest in L. arundinaceum and lowest in P. pratensis (Table 2) . Only a few May beetle grubs (Phyllophaga spp.) were found.
Pathogen and Parasitoid Incidence. Milky diseasecausing bacteria (Paenbacillus spp.) were the most common pathogens found in Cyclocephala spp., infecting nearly 25% of those grubs in zoysiagrass (Table  3) . Except for Paenibacillus spp., other pathogens were either not found, or in most cases they individually accounted for low (Ͻ5%) infection rates regardless of grass type. Only three grubs contained EPNs, all H. bacteriophora. Larvae of T. pygidialis, the only parasitoid known to attack Cyclocephala spp. in Kentucky (Rogers and Potter 2004) , were found on Ϸ10% of the masked chafers in the fairway-height zoysiagrass, and 5% (24/483) of the total masked chafers sampled from both stands. Collectively Ϸ30% (109/360) of Cyclocephala spp. third instars autopsied from fairwayheight stand were host to one or more types of natural enemies. Cyclocephala spp. pathogen infections tended to be lower in rough-than in fairway-height grasses (Table 3) , but statistical comparison of mowing heights is not possible because they were not randomly interspersed.
Pathogens collectively infected Ͻ15% of the P. japonica grubs regardless of grass type (Table 4) 2 ϭ 9.6; df ϭ 1, P Ͻ 0.01). As expected, spring-active T. vernalis were absent in the September grub samples. b Chi-square tests (df ϭ 3) on proportion of total grubs(replicates pooled). Fairway stand: Pan-infected, 2 ϭ 5.48, P ϭ 0.14; uninfected, 2 ϭ 2.30, P ϭ 0.51; rough stand: Pan-infected, 2 ϭ 1.02, P ϭ 0.80; uninfected, 2 ϭ 0.78, P ϭ 0.85. Similarly, there are no signiÞcant within-stand differences among grasses in overall proportions of grubs infected or parasitized by the other individual agents.
Parasitism of Implanted Grubs. In the autumn trial in which implanted Cyclocephala third instars were exposed to T. pygidialis, parasitism in the fairwayheight stand was greatest in zoysiagrass (12%) and this grass also had the highest grub density (Table  5) . Parasitism was consistently low (Յ3%) throughout the adjacent rough-height stand, with no difference among grass types. Survival and recovery of Cyclocephala grubs was lowest in perennial ryegrass (Table 5) .
Parasitism was low (0 Ð9%) in the spring trial with post-overwintered P. japonica third instars exposed to T. vernalis with no differences among grasses within stands (Table 5 ). Fewer P. japonica grubs were recovered from creeping bentgrass than from other fairway-height grasses (Table 5) .
Skunk Foraging Damage. Skunk foraging in fairway height grasses was concentrated in the coolseason perennial ryegrass and creeping bentgrass, with little or no damage to either of the two warmseason grasses, despite their relatively high grub densities (Tables 2 and 6 ). The former two grasses averaged three to Þve or more foraging sites per plot. None of the rough-height grasses sustained much skunk damage (Table 6 ).
Discussion
The patchy distribution of scarab grub populations in turf settings is inßuenced by myriad interacting environmental, biotic, and cultural factors that make it difÞcult to predict if a particular site will be damaged in a given year (Ré gniè re et al. 1979, Dalthorp et al. 2000, Held and . Grass species, height, and density can affect femalesÕ choice of oviposition sites, and larval density and survival in the soil (Fleming b Chi-square tests (df ϭ 3) indicated no differences between grasses within stands in proportions of total examined grubs (replicates pooled) that were infected by individual pathogens, or uninfected. b Means not followed by same letter differ signiÞcantly; absence of letters indicates no difference among grasses (two-way ANOVA, LSD, P Ͻ 0.05). Percentages were arcsine square root-transformed before analysis. 
a Damage rating scores: 0, no damage; 1, one to three foraging damage sites; 2, three to Þve foraging damage sites; and 3, more than Þve foraging sites per plot. Separate data analyses were done for each stand (fairway or rough). Two-way ANOVA results for fairway ht grasses: F ϭ 15.2, 8.8; df ϭ 3, 15; P Ͻ 0.001, P Ͻ 0.005; and rough ht grasses, F ϭ 3.2, 8.2, df ϭ 3, 15; P ϭ 0.05, P Ͻ 0.005 in 2008 and 2009, respectively. Within stands and years, means not followed by same letter differ signiÞcantly (LSD, P Ͻ 0.05). The nonparametric FriedmanÕs test also indicated signiÞcant differences among grasses (P Ͻ 0.005, P Ͻ 0.005 for fairway grasses; P ϭ 0.08, P Ͻ0.05 for rough grasses in , respectively. 1968 Potter et al. 1992; Isaacs 2005, 2006; Wood et al. 2009 ). By comparing the density and composition of grub populations infesting a range of cool-and warm-season grasses on a common site, we sought insight that could be useful for assessing infestation risk or focusing preventive control on sites where it is most likely to be needed.
Masked chafers were proportionately more abundant than P. japonica in the warm-season fairwayheight grasses, especially zoysiagrass, whereas P. japonica tended to predominate in all of the cool-season grasses mowed at rough height. Low densities of P. japonica grubs in Bermuda grass are consistent with Wood et al. (2009) who showed that females avoid or are deterred from ovipositing in that grass, ostensibly because of the physical barrier posed by its dense stolons, rhizomes, and roots. The low grub densities in P. pratensis are consistent with previous work, indicting that this grass species is a relatively poor larval host compared with other turf species (Potter et al. 1992 ). The relatively high Cyclocephala spp. densities in Z. japonica and C. dactylon are noteworthy because those grasses are increasingly being used in the transitional climatic zone.
Mean grub densities could not be statistically compared between cutting heights because the fairway and rough stands were independent and contained mostly different grass species. A full-factorial or splitplot design with interspersed mowing heights would have been unrealistic because, at least in the transitional climatic zone, different grasses are maintained and used at different heights; e.g., Zoysia, bemudagrass, or creeping bentgrass for fairways, and Kentucky bluegrass or tall fescue for roughs. Nevertheless, the two stands were of the same age, on a common soil, and exposed to the same environmental conditions, so the inference that when they co-occur, Cyclocephala spp. favor fairway grasses, whereas P. japonica will be proportionately more abundant in rough grasses, may be valid. That pattern is consistent with an earlier Þeld study in which densities of Cyclocephala grubs, and their proportionate abundance compared with P. japonica, were higher in tall fescue maintained at conventional as opposed to elevated cutting height (Potter et al. 1996) . Similarly, larval densities of the scarab Ataenius spretulus (Haldeman) were higher in fairway-height turf as opposed to adjacent roughs (Rothwell and Smitley 1999) .
Only a few Phyllophaga spp. grubs and no exotic species other than P. japonica were found. Phyllophaga spp. are important pests of Bermuda grass in the southern United States (Doskocil et al. 2008 ) and can be abundant in Kentucky pastures (Ritcher 1940 ); yet, they also were uncommon in surveys of grubs causing damage to Kentucky golf courses (Redmond and Potter 2010) . Asiatic garden beetle [Maladera castanea (Arrow)], the European chafer Rhizotrogus majalis (Razoumowsky); and oriental beetle [Anomala orientalis (Waterhouse)], exotic turf pests in the northeastern United States, are not known to be established in Kentucky.
Limited previous studies of possible host plant effects on root-feeding pestsÕ susceptibility to pathogens focused on cool-season grasses (Festuca or Lolium spp.) with or without their alkaloid-producing fungal (Neotyphodium spp.) endophytes. For scarabs, one study suggested P. japonica feeding on endophytic (Eϩ) grasses are more vulnerable to EPNs (Grewal et al. 1995) , whereas another found no such Eϩ effect on the same scarab exposed to P. popilliae bacteria (Walston et al. 2001) . Alkaloids from Eϩ grasses also are repellent or toxic to certain plant-parasitic root nematodes (Bacetty et al. 2009 ).
We found no signiÞcant differences in infection rates by individual pathogens, or in overall pathogen load, among the different turfgrasses within each stand. Pathogen assemblages were similar to those found in previous surveys (Hanula and Andreadis 1988 , Cappaert and Smitley 2002 , Redmond and Potter 2010 . No previously unreported pathogens were found. Infection rates were in most cases typical of those found in the aforementioned autumn Þeld surveys, except that incidence of O. popilliae was much lower in our study (average 2.5%) than was reported in Connecticut (25% average, 80 Ð90% in some locations; Hanula and Andreadis 1988) . Our plots were established for two full growing seasons before sampling, and had turf cover with resident grub populations for Ͼ30 yr beforehand, so the endemic levels of soil pathogens probably were representative of those in other transitional zone turf settings. A second full year of data would have been desirable, but the amount of sampling that was required to collect enough grubs from low-density plots disrupted the turf and allowed weed growth that compromised grass uniformity and suitability for further pathogen assessments.
Serratia isolates have been recovered previously from scarab larvae in the United States (Klein and Kaya 1995) , but until a report of a putative Mexican strain pathogenic to Phyllophaga spp. (Nuñ ez-Valdez et al. 2008) , S. entomophila was known only from the grass grub Costelytra zealandica (White) in New Zealand (Jurat-Fuentes and Jackson 2012) . Although the Serratia isolated from our grubs matched the appearance of S. entomophila based on typing on selective agars (OÕCallaghan and Jackson 1993), positive identiÞcation requires taxonomic and molecular characterization that was beyond the scope of this study. Ingestion of S. entomophila bacteria by C. zealandica grubs is followed by rapid cessation of feeding, gut clearance, and characteristic translucent amber coloration (Jurat-Fuentes and Jackson 2012). Diseased larvae may remain in an active but weakened nonfeeding state for several months, until the bacteria Þnally invade the hemocoel, causing death through septicemia. Both pathogenic and nonpathogenic forms of the bacteria naturally occur; a speciÞc plasmid is associated with the pathogenic isolates (JuratFuentes and Jackson 2012). It is possible that sublethal infection by other "weak" pathogens (e.g., Ovavesicula and Stictospora), or our holding grubs in cups with soil and grass seedlings for disease expression, could have weakened and predisposed some grubs to infection by Serratia or Paenibacillus. For example, there is some evidence that milky disease incidence tends to be higher at Þeld sites where O. popilliae is established (Hanula 1990 , Smitley et al. 2011 .
Most grasses lack the intrinsic foliar toxins that mediate pathogenÐ herbivore interactions in other plants, relying instead growth habit, highly ligniÞed or silicaeous tissues, and in some cases endophytic fungal toxins to survive herbivory (Cheeke 1995, Tscharntke and Greiler 1995) . Some types of plants deploy belowground defenses (Brown and Gange 1990, Erb et al. 2008 ), but little is known about defenses of grass roots or how they might affect tritrophic interactions involving grubs or other root-feeding insects. Our results may reßect absence of secondary chemicals, similarity of root chemistry among grass species, nonsensitivity of grubs or their pathogens to chemicals in roots or exuded into the rhizosphere, or simply that pathogen incidence was too low and variable to detect any grass-related interactions.
Although the probable density-dependent action of Paenibacillus spp. (Beard 1945 ) might account in part for observed relatively high milky disease incidence in Cyclocephala spp. in the fairway stand, comparable populations of P. japonica in the rough-height grasses had only low (0 Ð5%) rates of infection. Both Paenibacillus strains are naturally occurring in Kentucky (Warren and Potter 1982, Redmond and , and there had been no augmentative applications of spore dust at the site. Almost no sampled grubs were infected by EPNs, consistent with very low incidence of infection by endemic EPNs in Þeld surveys (Hanula and Andreadis 1988 , Cappaert and Smitley 2002 , Redmond and Potter 2010 .
As expected, only two parasitoid species were found: native T. pygidialis attacking naturally occurring and implanted late-instar Cyclocephala spp. in autumn and the exotic T. vernalis parasitizing postoverwintered implanted third-instar P. japonica in spring. Both species are abundant in Kentucky (Rogers and Potter 2004) . Tiphia popilliavora Rohwer, another introduced parasitoid of P. japonica grubs, is active in late summer and autumn. Although established in New England (Ramoutar and Legrand 2007) , it was not found in this or earlier Kentucky studies (Rogers and Potter 2004, Redmond and nor has it been reported elsewhere in the transitional climatic zone.
Parasitism by Tiphia spp. tends to be density-dependent (Rogers and Potter 2004 ) so the relatively high density and parasitism of Cyclocephala spp. in zoysiagrass, especially for implanted grubs, may reßect such behavioral response. There was no parasitism of P. japonica implanted into Bermuda grass, probably an artifact of low T. vernalis populations at the study site. Incidence of parasitism of P. japonica by T. vernalis ranging from 2 to 80% has been observed at golf course sites in Kentucky (Rogers and Potter 2004) . There was no parasitism of Cyclocephala spp. in creeping bentgrass, either for the naturally occurring or implanted grubs. The reasons are not known, but probably do not reßect female waspsÕ inability to burrow into A. palustris because they were able to do so in zoysiagrass, which has a much thicker and denser mat of stolons and roots.
Studies of this type provide point-in-time estimates of infection or parasitism that unavoidably underestimate natural enemiesÕ cumulative lifetime impact on scarab populations. Pathogen infection may, for example, reduce grubsÕ overwintering capability Potter 2010, Smitley et al. 2011) or fecundity of surviving adults (Hanula 1990 , Smitley et al. 2011 , or increase host susceptibility to other pathogens (Hanula 1990 , Smitley et al. 2011 . Although incidence of individual natural enemies may be relatively low, their collective impact over the 10 Ð11-mo period that grubs develop in the soil may be substantial.
EPNs and the Japanese beetle strain of P. popilliae are the only microbial insecticides presently being marketed for scarab grub control in North America. A strain of Serratia infective to the scarab C. zealandica has been developed as a commercial biocontrol in New Zealand (Jurat-Fuentes and Jackson 2012). Although neither Stictospora nor Ovavesicula have been commercially developed, introduction of Ovavesiculainfected P. japonica grubs to sites in Michigan showed promise for establishing the pathogen where it previously was absent (Smitley et al. 2011) . The current study suggests that grass species is unlikely to strongly affect performance of current or future microbial insecticides against root-feeding scarab grubs.
Evaluating skunk foraging damage was not originally an objective, but when it occurred, the striking differences between adjacent grasses and stands warranted evaluation. In the fairway stand, patches of dug-up turf in L. perenne or A. palustris plots abruptly ended at their interface with either Bermuda grass or zoysiagrass, despite that both warm season grasses had statistically higher total grub densities. The latter grassesÕ thick, densely woven mat of stolons and roots seems to be a physical barrier to skunks. The relatively little skunk damage to the rough-height grasses was mostly in perennial ryegrass, with almost no skunk foraging in tall fescue or the tall fescueÐKentucky bluegrass mix despite their relatively high grub densities. There is a direct relationship between elevated cutting height and increased depth, density, and biomass of cool-season turfgrass roots (Beard 2002 ) that may discourage skunks because of increased energy required to forage in the denser root systems.
At least nine genera of cool-and warm-season turfgrasses and native prairie grasses have been shown to be suitable food for root-feeding scarabs (Potter et al. 1992 , CrutchÞeld and Potter 1995 , Braman and Raymer 2006 , Bughrara et al. 2008 , so the absence of strong plant species effects on their susceptibility to pathogens is not unexpected. From a practical standpoint, this study suggests that the degree of natural suppression of masked chafer or Japanese beetle grubs provided by endemic pathogens, or parasitoids, is unlikely to be compromised by the grass species used on a particular site. Skunks, however, may be discouraged from foraging for grubs by the tough root systems of zoysiagrass and Bermuda grass. The latter phenomenon, plus their tolerance of root-feeding, probably accounts for those warm season grasses being perceived as relatively grub-resistant.
